The transfer of tissue via skin flap, which generally remains connected (via pedicle) to the donor area, is widely used in all areas of reconstructive surgery to close cutaneous defects.
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However, flap necrosis is still a threat, with serious consequences for the patient. Several publications are now devoted to techniques for enhancing flap viability.
Flap necrosis may be intrinsic or extrinsic in nature. Although systemic conditions (infection, arteriosclerosis, hypotension, and malnutrition) and local dynamics (compression, tension, and pedicle twists) are among the many extrinsic influences, inadequate circulation is the only known intrinsic factor. 4, 5 Hence, any means of improving arterial supply and venous flow to prevent ischemic necrosis and promote surgical success are welcomed adjuncts. Several studies have confirmed that the blood supply to tissues is improved by anticoagulants. Heparin, aspirin, and clopidogrel are the most common agents in this regard. Lowmolecular-weight heparins (LMWHs) are a new class of synthetic anticoagulants that are often used to treat ischemic heart disease and myocardial infarction or to serve as thromboembolic prophylaxis in various surgical contexts. LMWHs bind to and potentiate antithrombin III, specifically inhibiting factor Xa in the coagulation cascade. Other anticoagulants, including standard heparin, are less precise, binding various clotting factors.
6-8
According to the literature, use of heparin to salvage ischemic pedicles has met with inconsistent results. Intravenous heparin at various doses in a rabbit model significantly improved pedicle circulation and survival, even if administered 6 hours after surgery. 7 However, a constant infusion of heparin failed to improve survival of random flaps in a pig model. 9 Other related studies include work by Shalom et al,
Abstract
Background The viability of skin flaps is critical and greatly affects patient's quality of life. Effects of anticoagulant use on focal skin flap necrosis were explored, administering clopidogrel or low-molecular-weight heparin (LMWH) singly and in combination.
Methods Adult male rats (N ¼ 40) were randomly assigned to one of four equally divided groups, raising a random dorsal flap (10 Â 4 cm) on each animal and delivering either no drug (control group) or daily applications of LMWH (4 mg/kg), clopidogrel (20 mg/kg), or both agents (LMWH-Clop) for a 7-day period. Clopidogrel is a thienopyridine derivative prodrug that inhibits platelet aggregation. Hepatic cytochrome P450 and the P2C19 enzyme are required to generate its bioactive metabolite, which irreversibly blocks platelet adenosine diphosphate (ADP) receptors. Much of the clopidogrel dosage is completely degraded, leaving only a small portion for hepatic metabolism into its active moiety.
12 Peak plasma concentration of metabolites occurs after 1 hour, and bioavailability is unaffected by the food intake.
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Use of clopidogrel has been shown to reduce both arterial and venous thrombi in animal models, and it is a key antiplatelet agent in patients with acute coronary syndrome who undergo percutaneous coronary intervention. Its benefits in the peripheral circulatory system and in cerebrovascular diseases are also evident.
14 This study was performed to investigate the efficacy of clopidogrel and LMWH in improving skin flap survival, prompted by existing controversies and the relative shortage of publications addressing this issue.
Methods
This experimental study of interventional type was randomized, blinded, and controlled. Experimental procedures were performed in the Animal Collective Research Building I of the Federal University of São Paulo (UNIFESP-EPM). In total, 40 male Wistar-EPM rats were used, all adults weighing approximately 300 g each and supplied by the Center of Experimental Animal Models at Federal University of São Paulo (UNIFESP-EPM). Randomization was computer-driven (BioEstat 3.0 freeware), assigning animals to one of four equally divided groups (controls, LMWH, clopidogrel, and LMWH plus clopidogrel [LMWH-Clop]). The rats were caged individually, receiving commercial food and water ad libitum. Anesthesia was achieved by intraperitoneal injection of ketamine hydrochloride and xylazine (1 IU/100 mg each) during both surgery and design/trichotomy of the flap area.
Dorsal flaps (10 Â 4 cm) were then raised, starting at the base of cranium and proceeding to lower angles of shoulder blades and upper hip bones as standard limits.
15 Superficial fascia, panniculus carnosus, and skin were dissected in continuity from deep fascia and subsequently returned to original donor sites, 16 leaving waterproof plastic barriers interposed. 17 All flaps were sutured in place with simple 4-0 monofilament nylon sutures (►Fig. 1).
The control group was pharmacologically untreated. The three test groups received 7-day courses of either: once-daily subcutaneous LMWH (enoxaparin, 4 mg/kg), starting immediately after surgery; once-daily oral clopidogrel (20 mg/kg) via physiological saline gavage (1 mL), starting 6 hours before surgery; or both agents, as described above.
Postoperatively, as analgesia, a single intravenous dose of tramadol hydrochloride (5 mg/kg) was delivered immediately after surgery, and paracetamol (1-2 mg) was made available in the drinking water. Euthanasia by anesthetic overdose (ketamine hydrochloride and xylazine, 3 IU/100 mg each) took place on postoperative day 7.
To quantify the percentage of flap necrosis (NP), the method of macroscopic analysis described by Sano et al 18 was applied, using tracing paper, graphite 2B pencils, and standard software (Photoshop CS2; Adobe Systems Inc., San Jose, CA). The rats were placed in prone position for overlayment by parchment paper (weight, 90-95 g/m 2 ; width, 6 cm; length, 12 cm). Researchers blinded to treatment groups traced entire flap contours and regions of necrosis. The soft, pink, warm, and hairy skin was considered viable. Necrotic skin was tight, darkened, cold, and hairless (►Fig. 2). Areas outlined on parchment paper were scanned (300 dpi resolution) and quantified using computer software (ImageJ freeware). Macroscopic NP values were calculated as follows (►Fig. 3 and ►Table 1):
Percentage of necrosis ¼ Area of flap necrosis / total area of flap Â 100
Total flap areas and areas of flap necrosis were recorded in Excel tables (Microsoft Office 2007; Microsoft Corp., Redmond, WA) for organization and formatting of data. Other software (BioEstat 4.0 freeware) was utilized for statistical analysis, applying Kruskal-Wallis analysis of variance to compare NP values of the four groups. Statistical significance was set at p < 0.05, or 5%.
Results
By nonparametric Kruskal-Wallis test, between-group differences in NP were statistically significant (p ¼ 0.013); and using the Dunn test, both clopidogrel and LMWH-Clop test groups differed significantly from controls (p < 0.05). The LMWH test group and controls were similar, each differing significantly (p < 0.05) from the clopidogrel group in terms of NP, whereas clopidogrel and LMWH-Clop test groups did not differ significantly.
Discussion
Necrosis of skin flaps remains a matter of great importance to reconstructive surgeons. A substantial number of publications have reported the use pharmacological or nonpharmacological strategies to improve skin flap viability. 19 This study was intended to serve as a reference for future investigations, providing a contribution to restorative surgery and the scientific community in general. The rat was chosen as our experimental model, based on availability, ease of handling, cost, and prior research (cited herein), although the animal most akin to humans is the pig.
Digital trichotomies were done to create hairless skin surfaces, which otherwise were unattainable by motorized appliance.
The dorsal random skin flap used in this study (attached at the base of the cranium) was proposed by McFarlane et al as an experimental model for study and prevention of necrosis. 15 Such flaps (10 Â 4 cm) display considerable distal Abbreviations: LMWH, low-molecular-weight heparin; LMWH-Clop, combination of low-molecular-weight heparin and clopidogrel.
necrosis (average, 25-50%) and rarely are free of significant necrosis (5.7%). To promote more extensive and homogeneous necrosis, a waterproof plastic barrier was interposed between each flap and donor site, thus precluding donor-site revascularization. 17, 20 The doses and treatment duration were chosen based on previous studies on this subject, to obtain a better comparison.
21,22
The pathophysiology of necrosis due to ischemia is complex, involving vascular insufficiency as a consequence of arterial vasospasm mediated by vasoactive substances, production of free radicals, swelling of endothelial cells, inactivation of sodium and potassium pumps, and thrombotic venous congestion. 4, 23 Two important mechanisms have been implicated in postsurgical damage: neutrophilic influx and vascular thrombosis. 10 Platelets are pivotal in vascular thrombosis, as is venous blood flow. Exposed subendothelial matrix and factors releasing prothrombin result in activation and adhesion of platelets at the onset of thrombus formation.
14 Fundamentally, venous thrombosis appears to instigate arterial occlusion and necrosis.
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Prevention of platelet aggregation is thus an important pharmacotherapeutic strategy for preventing flap necrosis. Heparin, aspirin, and clopidogrel all effectively in prevent vascular thrombosis, leading to improved circulation and flap survival. Enoxaparin inhibits the conversion of prothrombin to thrombin, thereby reducing thrombin-mediated clotting as fibrinogen is converted to fibrin. Enoxaparin has potent anticoagulant activity, with a lower propensity for bleeding than unfractionated heparin.
21 Low-dose enoxaparin also exerts anti-inflammatory effects in animal models and in humans, so its therapeutic effects may be attributable to a combination of anticoagulant and anti-inflammatory properties. 10 However, some researchers maintain that its anticoagulant activity is key, based on microcirculatory changes.
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Aral et al compared various pharmacological compounds, thrombolytic, anticoagulant, and vasodilator agents in rats and found significant improvement in the necrotic area only with the use of LMWH.
24
Clopidogrel is a new antiplatelet prodrug that gained U. S. market approval in 1997. Its active metabolite, generated by the P2C19 hepatic cytochrome enzyme, irreversibly blocks platelet P2Y12 (ADP) receptors to inhibit platelet aggregation. 22 The high degree of individual variability observed is possibly due to erratic oral absorption, variable metabolism, unidentified active metabolites, and differing reactivity of ADP receptors. Evidence supports oral absorption as the main issue. 12 Clopidogrel proved superior to aspirin in a comparative study of patients at risk of ischemic events, 14 and its use significantly increased flap survival rates in another study, likely by preventing platelet aggregation, vasodilatation, and oxygen free radical release upon ischemic reperfusion.
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In examining the effects of LMWH on flap viability, there are many experimental and clinical studies presenting a broad range of positive and negative results. However, few experimental studies have evaluated clopidogrel and LMWH in combination for this purpose. 25, 26 
20,29
Our combined use of drugs produced a significant improvement in average flap necrosis, compared with controls (29.71 vs. 51.61%), although the effect was similar to that achieved with single-agent clopidogrel. Despite the apparent advantages of LMWH-Clop, as documented by Savoie et al, 28 combination therapy in our animal model conferred no real benefit.
Conclusion
Clopidogrel proved superior to LMWH, demonstrating significant improvement (p < 0.05) in experimental skin flap viability when used as monotherapy. No added value was contributed by combining the two drugs.
